Introduction {#Sec1}
============

The number of adults suffering from diabetes was estimated to be 463 million in 2019; by 2045, this number will increase to 700 million^[@CR1]^. Due to medical costs and loss of work, diabetes and its complications result in huge economic losses, not only for patients but also for national economies^[@CR2]^. Numerous studies have reported that lifestyle interventions, such as a combination of diet and physical activities, are effective for the prevention of diabetes and its complications^[@CR3]--[@CR5]^. Therefore, the establishment of more feasible diabetes management strategies is an urgent global health issue.

In Japan, since 2008, the Japanese government has required public medical insurers to conduct medical checkups and provide guidance referred to as Specific Health Checkups (SHC) and the Specific Health Guidance (SHG)^[@CR6]^ for insured patients aged 40--74 years. This is one of the government's strategies to prevent diabetes. Under this system, the medical insurers maintain a nationwide unified database of medical checkups of all insured persons. In addition, based on the results of the medical checkups, individuals with metabolic syndromes receive guidance on weight reduction. Numerous studies have already shown that this guidance is effective for weight reduction and glycemic control^[@CR7]--[@CR11]^ and it is also cost-effective^[@CR12]^. However, the SHG was found to be insufficient^[@CR6]^ for some subjects. In addition, it included patients with obesity as targeted subjects but excluded nonobese patients with diabetes and preliminary diabetes. Because nonobese patients are more common in Asian populations^[@CR13]^, more effective strategies for those with diabetes and those at high risk of diabetes with or without obesity need to be established.

The health tourism industry has been gaining a growing global interest^[@CR14]^. It provides medical treatment, relaxation, balanced diet, exercise, and cosmetic services, resulting in its growing popularity worldwide. The health tourism industry, which uses rich local and national resources, such as hot springs and natural beauty, has begun to benefit local economies; however, only a few programs have examined the effects of the health tourism on improving health.

Therefore, a new lifestyle intervention program that combines health guidance and health tourism was developed. The Smart Life Stay (SLS) program is an experience-oriented health tourism program for patients with diabetes or those at a high risk of diabetes. In this program, the patients are treated like customers who want to take part in a holiday and health improvement program.

The aim of the study was to report the 2-year follow-up results of the program on participants' glucose metabolism and other metabolic parameters.

Materials and methods {#Sec2}
=====================

Study design and subjects {#Sec3}
-------------------------

The study adhered to the statement of the Transparent Reporting of Evaluations with Nonrandomized Designs (TREND)^[@CR15]^. Propensity score analysis was employed to examine the effectiveness of the SLS program. The SLS program participants were recruited (the SLS group: *n* = 792) from a database of 23 medical insurers in 2014. They underwent SHC, such as those from certain communities and workplaces.

The participants were included if they had diabetes or were at a high risk of diabetes^[@CR16]^ and if they satisfied the following criteria: (1) body mass index (BMI; kg/m^2^) \> 25, or (2) waist circumference (WC; cm) \> 85 for men and \> 90 for women, or (3) hemoglobin A1c (HbA1c; %) \> 5.6, or (4) fasting plasma glucose (FPG; mg/dl) \> 100. Individuals who corresponded to one or more items were included as study participants. The exclusion criteria included a history of myocardial infarction or cerebral infarction, systolic blood pressure (SBP) \> 160 mmHg or diastolic blood pressure (DBP) \> 100 mmHg, diabetes with poor glycemic control^[@CR17]^ or critical diabetic complications, current treatment for depression and schizophrenia, history of anaphylaxis caused by food allergies^[@CR18]^, alcoholism^[@CR19]^, and dementia^[@CR20]^. The control subjects (*n* = 3645) were nonparticipants of the program who were selected from the same database using the same inclusion criteria. The study protocol was conducted by the Comprehensive Health Science Center Aichi Health Promotion Public Interest Foundation and has been approved by the Ethics Review Committee of the center. Other study protocols were approved by the Ethics Review Committee of the Japan Association for Diabetes Education and Care. The organizations explained the study to the subjects and obtained their written consent to participate.

Intervention {#Sec4}
------------

The core program of the intervention was based on the SHG in Japan^[@CR21]^. The participants were briefed about their medical condition and lifestyle through the results of their medical checkups. In addition, they were instructed to set their lifestyle improvement goals at the initial counseling. The intervention was adapted to the individual participant's medical background and lifestyle. Health-care professionals, such as physicians, public nurses, fitness trainers, and registered dietitians, performed the intervention between April 2015 and March 2016 at resort hotels, community centers, or spas that were affiliated with the recruitment medical insurers. These professionals received training on the intervention methods before the program initiation. The components of the intervention were (1) a stayover program using the local tourism industry, (2) an experience-oriented diet and exercise program, and (3) a program that includes group sessions (Fig. [1](#Fig1){ref-type="fig"}). The program duration and group size differed between each of the 23 recruitment medical insurers and were based on the capacity of their facilities and staff. The average length of the program was 1.42 ± 0.67 days and included 12.16 ± 9.03 individuals.Fig. 1An example of the SLS program.SLS Smart Life Stay program group.

The lifestyle intervention consisted of the following components.

### Lecture {#Sec5}

A team of physicians, public nurses, fitness trainers, and registered dietitians provided lectures to the participants on health information related to specialized fields (Supplementary Tables [1](#MOESM1){ref-type="media"}--[3](#MOESM3){ref-type="media"}). Public nurses also gave lectures to the participants with regard to understanding the results of their medical checkups, an outline of diabetes including diabetic complications, target to treat, and treatment for diabetes (diet therapy, exercise therapy, and medication). Participants with a BMI \> 25 were provided with methods for weight loss. Conversely, participants with a BMI \< 25 were advised to maintain a normal BMI.

### Nutritional intervention {#Sec6}

A nutritional intervention based on Dietary Guidelines for the Japanese^[@CR22]^ and the Japanese Food Guide^[@CR23]^ was performed by registered dietitians. Registered dietitians gave lectures about a balanced diet, adequate calorie intake, and a low glycemic index diet. They also provided the participants with a BMI \> 25 with methods for weight loss, such as by cutting down calorie intake, especially snacks. Participants with a BMI \< 25 were advised to maintain an adequate calorie intake and refrain from consuming excessive carbohydrates. The intervention included not only counseling but also practical methods, such as intake of buffet-style meals made from local ingredients. The participants were advised on how to choose a well-balanced meal by comparing it with the meals they actually selected. In some cases, chefs provided lectures on how to cook healthy meals that contain local seasonal ingredients.

### Exercise {#Sec7}

Before the program, fitness trainers evaluated the participants' physical activity levels using pedometers. They also gave lectures about adequate exercise intensity, methods for walking safely, and self-training at home. A combination of aerobic exercise and muscle resistance training based on the Exercise and Physical Activity Guide for Health Promotion^[@CR24]^ and Japanese official physical activity guidelines for health promotion (active guide)^[@CR25]^ was performed. The program included not only counseling but also familiar exercise programs, such as hiking and walking in tourist resorts. The amounts of physical activity and energy expenditure during leisure activities were measured using an activity meter or the Borg scale^[@CR26]^. The blood glucose levels were measured using a glucometer before and after exercise to help participants realize the effectiveness of exercise.

### Follow-up support {#Sec8}

The participants were followed up by telephone, email, or one-to-one meetings for an average of six times (3--20 times). This was done to motivate the participants to focus on their goals and solve their difficulties in achieving their goals.

Outcome measures {#Sec9}
----------------

Based on the national standard of the SHC, body composition parameters included weight (kg), BMI, WC (cm), and SBP and DBP (mmHg), and metabolic parameters included triglycerides (TG; mg/dl), high-density lipoprotein cholesterol (HDL-C; mg/dl), low-density lipoprotein cholesterol (LDL-C; mg/dl), FPG (mg/dl), HbA1c (%), aspartate aminotransferase (AST; U/l), alanine aminotransferase (ALT; U/l), and gamma-glutamyl transferase (ɤ-GTP; U/l). All parameters were measured before and after the program (in 2014 and 2016). WC was measured at the umbilical level. Moreover, lifestyle questionnaires were distributed according to the national standard of SHCs (Supplementary Table [4](#MOESM4){ref-type="media"})^[@CR27]^. Data collection in both 2014 and 2016 included these questionnaires.

Sample size {#Sec10}
-----------

Our pilot study for SHG demonstrated that there was a decrease of 3.14 ± 10.69 in FPG from baseline to 1 year in the intervention group and 1.01 ± 16.28 in the control group^[@CR21]^. Using Hedge's *g*, the effect size estimate was calculated as 0.16^[@CR28]^. The sample size was calculated as 624 participants per group (1248 in total), with a power of 80% and a significance level of 5% (two-tailed). A low dropout rate was estimated as the effectiveness of the program was assessed through mandatory medical checkups.

Statistical analysis {#Sec11}
--------------------

The missing values for health checkup data and questionnaire responses were complemented by multiple imputation methods using the SPSS missing values option.

In an attempt to decrease the bias between both groups, inverse probability weighting of a propensity score was performed. The propensity score using binary logistic regression analysis was estimated based on sex, age, baseline examination data, and recruitment consortiums (c Statistic 0.85). Laboratory data changes from 2014 to 2016 were analyzed through paired *t*-tests. The differences in the changes between the groups with generalized estimating equations were also analyzed. As for the lifestyle questionnaires, the percentages of people who had a healthy lifestyle and were graded at the action or maintenance phase were compared between 2014 and 2016 using the McNemar test. Moreover, the percentages of people who improved their lifestyle or progressed across the stages of the trans-theoretical model^[@CR29]^ were also compared between the groups using generalized estimating equations. The average score was substituted for the percentage of people who improved their lifestyle, such that individuals with an improved lifestyle were coded as 1. All statistical analyses were conducted with a significance level of 5% (two-tailed).

Results {#Sec12}
=======

The participants of the program (the SLS group) included 792 individuals, whereas the control group consisted of 3645 (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Flow diagram of recruitment, assignment, and 2-year follow-up.

Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} present the baseline values for the SLS group and control group with complementing missing data. The percentages of men, current habitual smoking, physical activity, late dinner, daily drinking, and action phase or maintenance phase were lower in the SLS group, although the percentage of regular exercise was significantly higher compared with that in the control group. As for the medical data, BW, SBP, DBP, FPG, and ɤ-GTP were lower in the SLS group, although age, WC, and LDL-C were significantly higher compared with those in the control group. These significant differences disappeared after adjusting for confounding factors via the inverse probability weighting of a propensity score, except for sex, BW, and current habitual smoking.Table 1Baseline and 2-year follow-up data related to lifestyle in the SLS and control groups.QuestionnaireSLS\
(*n* = 792)*P*-valueControl\
(*n* = 3645)*P*-valueBaseline2-yearBaseline2-yearSmoking Current habitual smoking  No664/792686/792\<0.001\*\*\*2478/36452572/3645\<0.001\*\*\*83.8%86.6%68.0%70.6%Exercise Regular exercise  Yes230/792331/792\<0.001\*\*\*860/3645918/36450.022\*29.0%41.8%23.6%25.2% Physical activity  Yes287/792352/792\<0.001\*\*\*1870/36451927/36450.037\*36.2%44.4%51.3%52.9%Diet Late dinner  No525/792560/7920.005\*\*1695/36452128/3645\<0.001\*\*\*66.3%70.7%46.5%58.4% Snacks  No637/792676/792\<0.001\*\*2881/36452922/36450.09080.4%85.4%79.0%80.2% Skipping breakfast  No683/792658/7920.008\*\*3202/36453105/3645\<0.001\*\*\*86.2%83.1%87.8%85.2%Alcohol Daily drinking  No627/792593/792\<0.001\*\*\*2307/36452268/36450.047\*79.2%74.9%63.3%62.2%Trans-theoretical model Action or maintenance phase  Yes274/792424/792\<0.001\*\*\*1426/36451380/36450.10834.6%53.5%39.1%37.9%Questionnaire:(1) Are you currently a habitual smoker? ("A current habitual smoker" is defined as a person who has smoked a total of 100 cigarettes or more, or has a history of smoking for more than 6 months, and has been smoking for the past one month).(2) Have you performed exercise with slight sweating for 30 min or more, at least twice a week, for more than 1 year?(3) Do you walk or engage in some physical exercise equivalent to walking, for 1 h or more a day?(4) Do you eat dinner within 2 h before sleep at least three times a week?(5) Do you eat any snacks after dinner (a bed time snack, other than three regular meals) three times or more a week?(6) Do you miss breakfast three times or more a week?(7) Do you drink alcoholic beverages every day?(8) Have you already attempted to improve your lifestyle for \<6 months (action phase) or more than six months (maintenance phase) based on the trans-theoretical model?*SLS* Smart Life Stay program group.\**P*-value \< 0.05, \*\**P*-value \< 0.01, \*\*\**P*-value \< 0.001 (baseline vs. 2 years).Table 2Baseline and 2-year follow-up medical data in the SLS and the control groups.Continuous variablesSLS\
(*n* = 792)*P*-valueControl\
(*n* = 3645)*P*-valueBaseline2-yearBaseline2-yearSex(male/female)559/2333335/310Age53.87 ± 0.3751.60 ± 0.13BW (kg)71.37 ± 0.5169.62 ± 0.50\<0.001\*\*\*73.02 ± 0.2173.07 ± 0.210.487BMI (kg/m^2^)25.83 ± 0.1425.23 ± 0.15\<0.001\*\*\*25.61 ± 0.0625.66 ± 0.060.039\*WC (cm)89.48 ± 0.3588.03 ± 0.36\<0.001\*\*\*88.67 ± 0.1589.05 ± 0.16\<0.001\*\*\*SBP (mmHg)126.22 ± 0.55126.28 ± 0.620.922127.82 ± 0.22128.52 ± 0.270.009\*\*DBP (mmHg)78.71 ± 0.4178.17 ± 0.460.15280.20 ± 0.1680.70 ± 0.170.003\*\*TG (mg/dl)143.05 ± 3.40129.39 ± 3.79\<0.001\*\*\*145.72 ± 1.77145.47 ± 2.080.9HDL-C (mg/dl)57.25 ± 0.5559.02 ± 0.56\<0.001\*\*\*56.94 ± 0.2557.93 ± 0.26\<0.001\*\*\*LDL-C (mg/dl)131.64 ± 1.16126.10 ± 1.16\<0.001\*\*\*127.06 ± 0.51125.51 ± 0.590.004\*\*FPG (mg/dl)107.46 ± 1.26107.72 ± 1.030.843111.86 ± 0.45115.23 ± 0.48\<0.001\*\*\*HbA1c (%)6.09 ± 0.036.05 ± 0.030.1126.09 ± 0.016.21 ± 0.01\<0.001\*\*\*AST (IU/l)25.77 ± 0.4224.61 ± 0.530.029\*25.42 ± 0.2125.57 ± 0.310.607ALT (IU/l)31.89 ± 0.8327.57 ± 0.79\<0.001\*\*\*31.99 ± 0.3931.20 ± 0.430.052γGTP (IU/l)48.15 ± 1.6243.32 ± 1.68\<0.001\*\*\*54.09 ± 0.8954.48 ± 1.050.623Values are mean (SE).*SLS* Smart Life Stay program group.\**P*-value \< 0.05, \*\**P*-value \< 0.01, \*\*\**P*-value \< 0.001 (baseline vs. 2 year).

At the 2-year follow-up, the SLS group had significant improvements on the lifestyle questionnaire items, such as current habitual smoking, regular exercise, physical activity, late dinner, snacks, and movement through stages of the trans-theoretical model. Beneficial changes were also observed in the control group, although the percentage of snacks and trans-theoretical model was unchanged (Table [1](#Tab1){ref-type="table"}). In the comparison between the groups, the percentage of people who had improved their lifestyle habits, such as regular exercise and stage of trans-theoretical model, was significantly higher in the SLS group at the 2-year follow-up (Table [3](#Tab3){ref-type="table"}).Table 3Change in lifestyle data from baseline to 2-year follow-up in the SLS and control groups.QuestionnairePercentage of people who improved lifestyle*P*-valueSLS\
(*n* = 792)Control\
(*n* = 3645)(%)(%)Smoking Current habitual smoking  No7.96 ± 2.733.92 ± 0.350.139Exercise Regular exercise  Yes18.85 ± 3.019.46 ± 0.830.001\*\* Physical activity  Yes15.10 ± 2.5411.29 ± 0.730.135Diet Late dinner  No14.44 ± 2.6511.53 ± 0.770.267 Snacks  No11.27 ± 2.299.07 ± 0.690.33 Skipping breakfast  No3.85 ± 1.733.52 ± 0.560.836Alcohol Daily drinking  No5.10 ± 1.804.49 ± 0.440.726Trans-theoretical model Action or maintenance phase  Yes22.91 ± 3.1011.39 ± 0.84\<0.001\*\*\*Values are mean (SE).Questionnaire:(1) Are you currently a habitual smoker? ("A current habitual smoker" is defined as a person who has smoked a total of 100 cigarettes or more, or has a history of smoking for more than 6 months, and has been smoking for the past one month).(2) Have you performed exercise with slight sweating for 30 min or more, at least twice a week, for more than 1 year?(3) Do you walk or engage in some physical exercise equivalent to walking, for 1 h or more a day?(4) Do you eat dinner within 2 h before sleep at least three times a week?(5) Do you eat any snacks after dinner (a bed time snack, other than three regular meals) three times or more a week?(6) Do you miss breakfast three times or more a week?(7) Do you drink alcoholic beverages every day?(8) Have you already attempted to improve your lifestyle for \<6 months (action phase) or more than six months (maintenance phase) based on the trans-theoretical model?*SLS* Smart Life Stay program group.\**P-*value \< 0.05, \*\**P*-value \< 0.01, \*\*\**P*-value \< 0.001 (SLS vs. control).

As for the medical data in the SLS group, BW, BMI, WC, TG, LDL-C, AST, ALT, and ɤ-GTP decreased significantly by 1.75 kg, 0.60 kg/m^2^, 1.45 cm, 13.66 mg/dl, 5.54 mg/dl, 1.16 IU/l, 4.32 IU/l, and 4.83 IU/l, respectively. HDL-C increased significantly by 1.770 mg/dl. In the control group, WC, SBP, DBP, FPG, and HbA1c increased significantly by 0.38 cm, 0.70 mmHg, 0.50 mmHg, 3.37 mg/dl, and 0.12%, respectively, although HDL-C and LDL-C improved (Table [2](#Tab2){ref-type="table"}). In the comparison between the groups, the changes in BW, BMI, WC, TG, HDL-C, FPG, HbA1c, AST, ALT, and ɤ-GTP were significantly better in the SLS group at the 2-year follow-up (Table [4](#Tab4){ref-type="table"}).Table 4Change in medical data from baseline to 2-year follow-up in the SLS and the control groups.Continuous variablesChanges*P-*valueSLS (*n* = 792)Control (*n* = 3645)Mean ± SEMean ± SEBW (kg)−1.52 ± 0.23−0.01 ± 0.07\<0.001\*\*\*BMI (kg/m^2^)−0.52 ± 0.080.03 ± 0.03\<0.001\*\*\*WC (cm)−1.04 ± 0.250.30 ± 0.08\<0.001\*\*\*SBP (mmHg)1.08 ± 0.930.64 ± 0.280.643DBP (mmHg)0.11 ± 0.580.38 ± 0.180.658TG (mg/dl)−16.73 ± 5.95−2.51 ± 2.040.026\*HDL-C (mg/dl)3.38 ± 0.570.90 ± 0.18\<0.001\*\*\*LDL-C (mg/dl)−4.90 ± 1.61−1.99 ± 0.570.084FPG (mg/dl)−0.08 ± 1.573.42 ± 0.510.026\*HbA1c (%)−0.01 ± 0.030.11 ± 0.010.000\*\*AST (IU/l)−1.53 ± 0.61−0.02 ± 0.330.025\*ALT (IU/l)−4.34 ± 1.01−1.20 ± 0.480.004\*γGTP (IU/l)−6.14 ± 1.970.02 ± 0.810.002\*Values are mean (SE).*SLS* Smart Life Stay program group.\**P*-values \< 0.05, \*\**P*-values \< 0.01, \*\*\**P*-values \< 0.001.

Discussion {#Sec13}
==========

The SLS program is an experience-oriented stayover program for people with diabetes or at a high risk of diabetes. This program was conducted using existing multicenters, such as resort hotels, community centers, and spas. It was also supported by health-care professionals, other than medical institutions. A wide variety of programs were developed throughout the nation, and the programs were combined with various practical programs supplied from local resources based on SHG.

The SLS program improved the lifestyle of the participants; consequently, BMI, WC, FPG, and HbA1c were significantly reduced compared with the control group. This program also significantly improved other metabolic parameters compared with the control group, such as TG, HDL-C, AST, ALT, and ɤ-GTP.

The effect of this program on weight reduction and glucose metabolism was nearly equal to that of other lifestyle interventions in the real-world setting^[@CR30]--[@CR32]^. The duration and frequencies of this intervention program were comparatively shorter and less than that of other intervention programs. In addition, the follow-up period of this program (i.e., 2 years), was longer than that in other studies, thus indicating the importance of "experience-oriented" intervention programs.

The most unique characteristic of this program was the use of the existing database. In previous intervention trials, setting the control group was difficult. However, it was comparatively easy to set the control group by using an existing database of nationwide uniform medical checkups in Japan. Currently, lifestyle intervention programs must be performed using existing facilities and databases because of their feasibility. Thus, the success of the study is significant.

This study had some limitations, including the selection bias that might have resulted from the lack of randomization. Controls were set using the inverse probability weighting for the purpose of adjusting confounding factors to maintain selection bias at a minimum. Another limitation was the possibility that the participants in both the SLS group and control group received additional lifestyle interventions as people are comparatively easy to access health information and health guidance in Japan. Third, the contents of the program lacked unity and were determined individually by each recruitment medical insurer, except for the core program. Conversely, each program might have had regional characteristics, because program flexibility was permitted.

Conclusions {#Sec14}
===========

This study was conducted to investigate the effectiveness of a health tourism program for individuals with diabetes and those at a high risk of diabetes. Currently, to perform lifestyle interventions in a real-world setting, an effective use of existing facilities and databases is required. This program might be a feasible option for a lifestyle intervention program for patients with diabetes and those at a high risk of diabetes. In the future, this program has the potential to improve the health of participants and to provide economic benefits to local communities.
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